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1. Experimental methods 
Synthesis of BaTiO3/Au core-shell nanocavities. The principle of the synthesis of BaTiO3/Au 
core-shell nanocavities is shown in Fig. S1. All chemicals were of reagent-grade purity and were 
purchased from Sigma-Aldrich unless specified. 100 nm tetragonal BaTiO3 nanoparticles were 
provided by Paul Bowen of the Powder Technology Laboratory at EPFL. Ultraviolet 
spectroscopy indicated a band gap at 3.2 eV (data not shown) for the BaTiO3 nanoparticles. 
Milli-Q grade deionized water was used throughout the procedure. The synthesis of BaTiO3/Au 
core-shell nanostructures was based on seeded Au growth, which consists of the following three 
steps. 1. Introduction of primary amine on the surface of BaTiO3 nanoparticles. In order to 
remove the surface Ba2+ ions that prevents silane binding, 30 mg 100 nm BaTiO3 nanoparticles 
(1012 particles/cm3) were added to 9 mL 1 M nitric acid solution. The solution was ultrasonicated 
for 10 minutes for sufficient surface ion removal and dispersion of the nanoparticles. The 
particles were then washed twice with deionized water using centrifuge at 8000× g for 10 
minutes each, after which the particles were transferred into a 9 mL solution that consists of 7.65 
mL ethanol, 1.25 mL deionized water, and 0.1 mL ammonia (30%). The mixture was placed on a 
hotplate and heated to 60°C under vortex stirring. After the solution temperature was stabilized, 
8 µL of Aminopropyltriethoxysilane (APTES) was injected under vortex stirring. The reaction 
was allowed to proceed by stirring the solution at 60°C for at least four hours. After the 
introduction of primary amine, the solution was washed four times with ethanol and the 
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nanoparticles were transferred into deionized water after the last ethanol wash. The presence of 
primary amine was confirmed using O-Phthaldialdehyde (OPA). 2. Adsorption of seed Au 
nanoparticles onto the surface of BaTiO3 nanoparticles. 2-3 nm THPC-gold nanoparticles were 
made following previously published procedure [1] and were aged for at least one week. In an 
empty vial, 5 mL of THPC-gold and 1 ml of Amine-functionalized BaTiO3 nanoparticle solution 
were mixed. 10 µL HCl was added to adjust the pH of the solution to around 3.0. The reaction 
was allowed to proceed under constant stirring for at least eight hours, followed by five rounds 
of washing with deionized water by centrifuging at 8000× g for 10 minutes to remove unattached 
gold nanoparticles. 3. Growth of Au shell around the Au-seeded BaTiO3 core. 50mL aqueous 
solution containing 0.2% (w/w) HAuCl4 and 24 mg K2CO3 was prepared and aged for at least 24 
hours. 0.5 mL solution of the seeded BaTiO3 nanocrystals was dropped into a vial containing 1.4 
mL of the above gold chloride solution and 4.5 mL deionized water and was mixed well. 20 µL 
formaldehyde solution (30%) was then dropped into the mixture while the vial was shaken 
gently. The color of the mixture changes from pale pink to greenish gray, indicating the 
formation of the plasmonic shell. As such the thickness of the shell is roughly 10 nm. The 
product was then stabilized with 1 mg trisodium citrate and was washed once using 1 mM 
trisodium citrate solution. Better colloid stability can be obtained using polyethylene glycol 
(PEG) with molecular weight greater than 5000. 
 
Fig. S1. Principle of the synthesis of BaTiO3/Au core-shell nanocavities. Step1, bare 
BaTiO3 core; Step 2, surface functionalization using aminosilane, a simplified atomic 
arrangement on the core surface is shown in the dashed circle; Step 3, adsorption of 2-
3 nm gold nanoparticles on the surface of the core; Step 4, formation of the complete 
gold shell through seeded condensation. 
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Correlated SEM-optical measurement of the SHG scattering cross-sections for 
BaTiO3 nanocrystals and BaTiO3/Au core-shell nanostructures. The BaTiO3 nanoparticles 
were first dispersed on an Indium-Tin-Oxide (ITO) coated glass slide with pre-scratched 
coordinates for SEM imaging, after which a thin layer of Teflon (refractive index 1.29) was spin-
coated to fix the particles for optical imaging. In the SHG measurements, we used a femtosecond 
Ti:Sapphire oscillator operated at 800 nm for excitation. The peak intensity at the sample was 
3.6×109 W/cm2. The sample was immersed in index-matching oil to work with the oil-immersion 
objective (100× 1.4 NA). The particles found in the SEM images were located optically with the 
aid of the pre-scratched coordinates. The polarization of the excitation was rotated to obtain 
polarization-dependent response. An electron-multiplying charge-coupled device (EMCCD) was 
used to capture the image of the SHG emission. A 400 nm interference band pass filter in 
conjunction with a color glass filter was used to efficiently reject the excitation wavelength. The 
objective collection efficiency was corrected for transverse dipoles only since separation of the 
contributions of the axial dipole component from the transverse ones was not feasible at this 
time. Owing to the large NA used in the measurement, the difference in the collection 
efficiencies for the two dipole directions is not significant. Transmissions of all the imaging 
optics was calibrated and factored out so that true, system-independent sample response is 
obtained. The crystal orientation was determined computationally by searching all possible 
orientations and comparing the polarization-dependent SHG response pattern calculated 
according to Eq. (1) with the measurement. The reference standard was then established using 
the calculated values (a function of 𝛾𝛾 in each orientation) of a 100 nm BaTiO3 nanocrystal for all 
possible orientations with the maximum value in each orientation as a representative. The 
measurements in Fig. 4b were obtained using the same setup at an excitation intensity of 4.6×109 
W/cm2. The measurements of the SHG scattering cross-section for BaTiO3/Au core-shell 
nanostructures in Fig 4c and d were performed in a similar fashion, except that the excitation 
intensity was 7.2×108 W/cm2 and 8.7×108 W/cm2, respectively. The crystal orientation of the 
core-shell structures was not determined. 
Measurements of emission spectra for BaTiO3/Au core-shell nanostructures and 
spherical Au nanoparticles. Samples of fixed BaTiO3/Au core-shell nanostructures were 
prepared as described in the previous section. The sample was then placed in a two-photon laser 
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scanning microscope (Leica SP5) and imaged using a glycerol immersion objective (1.3 NA). 
Because the sensitivity of the microscope was severely degraded in the vicinity of 400 nm, our 
measurements were performed using 900 nm wavelength excitation. The sample was scanned 
using a resonant galvo scanner at 8 kHz. The emission spectrum was acquired with 5.5 nm 
bandwidth at 5.5 nm spectral step. At each step, with 50 image frames were scanned and the 
average was calculated to improve the signal to noise ratio. In the measurement, we did not 
control the aggregation state of the nanoparticles, though we picked image spots that appear 
diffraction limited for data collection. Given the resolution of the objective, the aggregation state 
was no more than two or three particles, if any. The measurements of the emission spectrum for 
200 nm Au nanoparticles were performed under identical conditions using a similarly prepared 
sample. 
2. Calculation of the internal field in electrostatic approximation 
We calculate the internal field of a bare dielectric particle such as a BaTiO3 nanocrystal, in 
electrostatic approximation, using [2] 
𝐸𝐸1(𝑏𝑏) = [3𝜖𝜖3 (𝜖𝜖1 + 2𝜖𝜖3)⁄ ]𝐸𝐸0 (S1) 
where 𝜖𝜖1 and 𝜖𝜖3 are the dielectric constants of the core and surrounding medium, respectively, 
and 𝐸𝐸0 , the input electric field. Note that we reserve 𝜖𝜖2  for the dielectric function of the 
plasmonic shell. 
Referring to the geometry in Fig. 1A, the electric field in the core region enclosed in the 
metal shell under the electrostatic approximation is [3] 
𝐸𝐸1(𝑠𝑠) = [9𝜖𝜖2𝜖𝜖3 (𝜖𝜖2𝜖𝜖𝑎𝑎 + 2𝜖𝜖3𝜖𝜖𝑏𝑏)⁄ ]𝐸𝐸0 (S2) 
where 𝜖𝜖𝑎𝑎 = (3 − 2𝑃𝑃)𝜖𝜖1 + 2𝑃𝑃𝜖𝜖2, 𝜖𝜖𝑏𝑏 = 𝑃𝑃𝜖𝜖1 + (3 − 𝑃𝑃)𝜖𝜖2, 𝜖𝜖1, 𝜖𝜖2, 𝜖𝜖3 the dielectric constants of the 
core, shell, and surrounding medium, 𝑃𝑃 = 1 − (𝑟𝑟1 𝑟𝑟2⁄ )3, 𝑟𝑟1 and 𝑟𝑟2, the core and shell radius. A 
plasmonic resonance can be introduced by tuning the parameter 𝑃𝑃 through the ratio 𝑟𝑟1 𝑟𝑟2⁄ , and 
the internal field is enhanced. 
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3. Calculation of the internal field in Mie theory 
We use the electric field at the center of the core to represent the internal electric field in the 
entire core media. We calculate the electrical field at the center of a sphere as well as a core-shell 
structure using [4] 
� 𝐸𝐸1|𝜌𝜌=0�|𝐸𝐸0| = � 𝑖𝑖𝑛𝑛 2𝑛𝑛 + 1𝑛𝑛(𝑛𝑛 + 1) �𝑐𝑐𝑛𝑛𝐌𝐌𝑜𝑜1𝑛𝑛(1) − 𝑖𝑖𝑑𝑑𝑛𝑛𝐍𝐍𝑒𝑒1𝑛𝑛(1) �∞
𝑛𝑛=1 �𝜌𝜌=0 = |𝑑𝑑1| (S3) 
where 𝜌𝜌 = 𝑘𝑘1𝑟𝑟, 𝑘𝑘1 = 2𝑛𝑛1𝜋𝜋 𝜆𝜆⁄ , and 𝑛𝑛1 is the refractive index of the core media, by noting that in 
Mie theory 
𝐄𝐄1 = �𝐸𝐸𝑛𝑛�𝑐𝑐𝑛𝑛𝐌𝐌𝑜𝑜1𝑛𝑛(1) − 𝑖𝑖𝑑𝑑𝑛𝑛𝐍𝐍𝑒𝑒1𝑛𝑛(1) �∞
𝑛𝑛=1  (S4) 
where 𝑎𝑎𝑛𝑛 , 𝑏𝑏𝑛𝑛 , 𝑐𝑐𝑛𝑛 , 𝑑𝑑𝑛𝑛  are Mie coefficients, 
𝐸𝐸𝑛𝑛 = 𝑖𝑖𝑛𝑛 2𝑛𝑛 + 1𝑛𝑛(𝑛𝑛 + 1)𝐸𝐸0 (S5) 
and 
𝐌𝐌𝑜𝑜1𝑛𝑛(1) = −1sin𝜃𝜃 cos𝜙𝜙𝑃𝑃𝑛𝑛1(cos 𝜃𝜃)𝑗𝑗𝑛𝑛(1)(𝜌𝜌)𝐞𝐞�𝜃𝜃 − sin𝜙𝜙𝑑𝑑𝑃𝑃𝑛𝑛1(cos 𝜃𝜃)𝑑𝑑𝜃𝜃 𝑗𝑗𝑛𝑛(1)(𝜌𝜌)𝐞𝐞�𝜙𝜙  (S6) 
𝐍𝐍𝑒𝑒1𝑛𝑛(1) = 𝑗𝑗𝑛𝑛(1)(𝜌𝜌)𝜌𝜌 𝑛𝑛(𝑛𝑛 + 1) cos𝜙𝜙 𝑃𝑃𝑛𝑛1(cos𝜃𝜃)𝐞𝐞�𝑟𝑟 + cos𝜙𝜙 𝑑𝑑𝑃𝑃𝑛𝑛1(cos 𝜃𝜃)𝑑𝑑𝜃𝜃 1𝜌𝜌 𝑑𝑑𝑑𝑑𝜌𝜌 �𝜌𝜌𝑗𝑗𝑛𝑛(1)(𝜌𝜌)�𝐞𝐞�𝜃𝜃
− sin𝜙𝜙𝑃𝑃𝑛𝑛1(cos𝜃𝜃)sin 𝜃𝜃 1𝜌𝜌 𝑑𝑑𝑑𝑑𝜌𝜌 �𝜌𝜌𝑗𝑗𝑛𝑛(1)(𝜌𝜌)�𝐞𝐞�𝜙𝜙  (S7) 
which, at the center of the sphere or the core-shell structure where 𝜌𝜌 = 0, become 
 𝐌𝐌𝑜𝑜1𝑛𝑛(1) �
𝜌𝜌=0 = 0 for all 𝑛𝑛 (S8) 
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 𝐍𝐍𝑒𝑒1𝑛𝑛(1) �
𝜌𝜌=0 = �23 cos𝜙𝜙 sin𝜃𝜃 𝐞𝐞�𝑟𝑟 + 23 cos𝜙𝜙 cos 𝜃𝜃 𝐞𝐞�𝜃𝜃 − 23 sin𝜙𝜙 𝐞𝐞�𝜙𝜙 for 𝑛𝑛 = 10 otherwise   (S9) 
This calculation applies to both a bare core and a plasmonic core-shell structure. A 
comparison between the internal field calculated through electrostatic approximation and the Mie 
theory is shown in Fig. S2. In representing the internal electric field in the entire core using 
 𝐸𝐸1|𝜌𝜌=0, we note that in a 100 nm bare BaTiO3 particle the electric field at the azimuth edge 
 𝐸𝐸1|𝜌𝜌=r1  is less than 7% lower than  𝐸𝐸1|𝜌𝜌=0. 
 
Fig. S2. Factor of internal field enhancement at the center of the plasmonic core-shell 
structure. Solid curves are calculation based on Mie-theory, and the dotted curves are 
electrostatic approximations. The electrostatic approach clearly overestimates the 
enhancement of the internal field when the shell is thick, which, at a given resonance 
wavelength, also implies large core size. 
4. Gold dielectric function and the attenuation by the gold shell 
We calculate the dielectric function of gold from experimental data [5] with corrections for size-
dependent electron scattering [5] using 
𝜖𝜖𝐴𝐴𝐴𝐴(𝜔𝜔) = 𝜖𝜖0(𝜔𝜔) + 𝜔𝜔𝑝𝑝2𝜔𝜔2 + 𝑖𝑖𝜔𝜔𝛾𝛾𝑏𝑏 − 𝜔𝜔𝑝𝑝2𝜔𝜔2 + 𝑖𝑖𝜔𝜔𝛾𝛾𝑠𝑠 (S10) 
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where 𝜖𝜖0(𝜔𝜔) is the experimental bulk dielectric function of Au, 𝜔𝜔𝑝𝑝  is the bulk plasma frequency, 
𝛾𝛾𝑏𝑏  is the bulk electron collision frequency, and 𝛾𝛾𝑠𝑠 is the modified electron collision frequency 
due to the size-dependent electron scattering. We calculate 𝛾𝛾𝑠𝑠 through 𝛾𝛾𝑠𝑠 = 𝛾𝛾𝑏𝑏 + 𝑣𝑣𝐹𝐹 𝑡𝑡𝑠𝑠⁄ , where 
𝑣𝑣𝐹𝐹  is the Fermi velocity of gold, and 𝑡𝑡𝑠𝑠 is the shell thickness. 
The model for the optical transmission of a thin planar metal film was published elsewhere 
[6]. Based on the above size- and frequency-dependent gold dielectric function, we calculated 
the transmission of the Au shell, modelled as a thin planar Au film, for a range of thickness and 
frequency as shown in Fig. S3a. Despite the drastic difference in the geometry between a planar 
and a spherical gold film, we found the characteristics of light transmission are comparable in the 
two configurations, as suggested by additional finite difference time domain (FDTD) 
calculations (Fig. S3b). The FDTD calculations were performed using commercial software in a 
2D geometry where a dipole source is enclosed at the center of a circular gold shell, and the 
internal and external poynting flux was integrated over a closed path inside and outside the shell, 
respectively. The size-dependent dielectric function described in Equation S10 was used in the 
simulation. The total light transmission was then evaluated through the ratio of external poynting 
flux to the internal one. The FDTD calculations show that the difference of light transmission 
between the two geometries under consideration is less than 10%. 
 
Fig. S3. (a) Transmission spectra of a planar gold film as a function of wavelength and 
thickness. (b) Comparison of optical transmission spectra between planar gold film 
(blue curve) and gold shell (green squares). The shell transmission was calculated 
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using finite difference time domain (FDTD) method in a 2D geometry. In both 
calculations the thickness of the gold layer is 10 nm. 
5. Core radii and radius ratios at given resonance wavelengths 
The core radii as a function of the shell thickness for various resonance frequencies are shown in 
Fig. S4a. The ratio of inner to outer radii as a function of the shell thickness is plotted in Fig. 
S4b. We note that, in electrostatic approximation this ratio should be a constant for each 
resonance wavelength [7]. 
 
Fig. S4. (a) Core radius (𝑟𝑟1) and outer dimension (𝑑𝑑2) of the core-shell structure as a 
function of the shell thickness at various resonance wavelength. (b) The ratio 𝑟𝑟1 𝑟𝑟2⁄  of 
the nanostructure as a function of shell thickness at various resonance wavelengths. 
Although electrostatic theory requires a constant ratio for a given resonance 
wavelength, Mie-theory calculations suggest slightly varying ratios over changes in the 
shell thickness. 
6. Size distribution of the core 
We have obtained a histogram of the core diameter based on 250 BaTiO3 nanoparticles in a SEM 
image. The histogram is shown in Fig. S5. Mie-theory calculations of the mean extinction 
spectrum based on this histogram and a shell thickness of 10 nm qualitatively agrees with the 
measured nanoshell spectrum shown in Fig. 3. 
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Fig. S5. Size histogram of the core BaTiO3 nanocrystals obtained form 250 
nanoparticles in a SEM image. The mean diameter of the particles is 90 nm. 
7. Objective collection efficiency for an arbitrarily oriented dipole 
Special treatment is needed to handle the randomly oriented dipole moments when it is imaged 
using high N.A. optics. This is normally not encountered in traditional imaging techniques where 
scalar rather than vectorial approaches apply. Here we try to calculate the collection efficiency 
for radiations from an arbitrarily oriented dipole in order to find the actual dipole moment from 
measured image intensity. From the angular distribution of the dipole radiation [2], 
𝑑𝑑𝑃𝑃
𝑑𝑑Ω
= 𝑐𝑐2𝑍𝑍0𝑘𝑘432𝜋𝜋2 |𝐩𝐩|2 sin2 𝜃𝜃 (S11) 
the collection efficiency 𝜂𝜂 for the dipole can be obtained as 
𝜂𝜂 = ∫ 𝑑𝑑𝑃𝑃𝑑𝑑Ω𝑑𝑑Ω
𝑊𝑊𝑝𝑝
 (S12) 
where 𝑊𝑊𝑝𝑝  is the total radiate power. As illustrated in Fig. S6a, a dipole moment 𝐩𝐩 of an arbitrary 
orientation can be considered as the sum of a transverse dipole moment 𝐩𝐩r  and an axial dipole 
moment 𝐩𝐩z . The collected radiation power is then 𝑃𝑃 = 𝜂𝜂𝑟𝑟𝑃𝑃𝑟𝑟 + 𝜂𝜂𝑧𝑧𝑃𝑃𝑧𝑧 , where 𝑃𝑃𝑟𝑟  and 𝑃𝑃𝑧𝑧  are the 
radiated power by 𝐩𝐩𝑟𝑟  and 𝐩𝐩𝑧𝑧 , respectively. Simple analyses indicate that 𝜂𝜂𝑟𝑟  and 𝜂𝜂𝑧𝑧  can be 
expressed analytically as 
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𝜂𝜂𝑟𝑟 = 12 − 38 cos 𝜃𝜃 − 18 cos3 𝜃𝜃
𝜂𝜂𝑧𝑧 = 12 − 12 cos 𝜃𝜃 − 14 sin2 𝜃𝜃 cos 𝜃𝜃  (S13) 
where 𝜃𝜃 = sin−1(N. A. 𝑛𝑛⁄ ) is the collection angle (i.e. the angular aperture), and 𝑛𝑛 is the 
refractive index of the surrounding medium of the dipole being imaged. Fig. S6b plots 𝜂𝜂𝑟𝑟  and 𝜂𝜂𝑧𝑧  
as a function of the collection angle. Clearly, at small collection angles imaging of 𝐩𝐩𝑧𝑧  is much 
less efficient than that of 𝐩𝐩𝑟𝑟 . As 𝜃𝜃 increases, both 𝜂𝜂𝑟𝑟  and 𝜂𝜂𝑧𝑧  increase, but 𝜂𝜂𝑧𝑧  increases more 
rapidly than 𝜂𝜂𝑟𝑟 . The two efficiencies finally reach an equal value of 0.5 at the maximum possible 
collection angle of 𝜋𝜋 2⁄ . 
In the measurements, it is difficult to separate the contributions of 𝐩𝐩𝑟𝑟  from that of 𝐩𝐩𝑧𝑧 . We 
therefore treat their collection efficiency equally as 𝜂𝜂𝑟𝑟 . At NA = 1.4 and 𝑛𝑛 = 1.51, 𝜂𝜂𝑟𝑟 = 0.353 
and 𝜂𝜂𝑧𝑧 = 0.232, which means that the measured total cross-section for a pure axial-oriented 
dipole would be ~34% smaller. This can be seen in Fig. 4b where the crystal orientation 
produces comparable 𝐩𝐩𝑟𝑟  and 𝐩𝐩𝑧𝑧 . 
 
Fig. S6. Objective collection efficiency for an arbitrarily oriented dipole. (a) An arbitrarily 
oriented dipole 𝐩𝐩 can be decomposed into a transverse component 𝐩𝐩𝑟𝑟  and an axial 
component 𝐩𝐩𝑧𝑧 , whose radiation patterns are shown in the upper and bottom left corner, 
respectively. (b) The objective collection efficiency for 𝐩𝐩𝑟𝑟  and 𝐩𝐩𝑧𝑧  as a function of the 
aperture angle 𝜃𝜃. 
11 
 
8. Estimation of SHG for centrosymmetric nanoshells 
Here we estimate the SHG radiation from the surface of a centrosymmetric dielectric core/Au 
shell resonating at the fundamental frequency relative to a BaTiO3/Au NLO nanocavity. The two 
nanostructures are only different in the symmetry of the core material and otherwise identical. 
Although the same synthesis technique has long been used for SiO2/Au core-shell structures, 
such a comparison is experimentally difficult due to the large refractive index difference between 
SiO2 (𝑛𝑛 = 1.5) and BaTiO3 (𝑛𝑛 = 2.4). Thus we use the measurement of solid gold nanoparticles 
to estimate the SHG radiation form a resonating centrosymmetric core-plasmonic shell with 
scaling rules obtained through Mie-theory and previous hyper-Rayleigh scattering (HRS) results 
reported by others. 
The estimation was based on the SHG measurement of 120-nm BaTiO3/Au NLO 
nanocavities and 200-nm Au nanoparticles shown in Figure 5. We calculated the extinction 
cross-section for 120-nm BaTiO3/Au core-shell structure (𝑡𝑡𝑠𝑠 = 10 nm) and 120-nm Au 
nanoparticle using Mie theory. This calculation shows that the cross-section of the 
centrosymmetric core-shell at resonance at the wavelength of the measurement is 11.3 times that 
of the 120 nm Au particles at the same wavelength. Since SHG in centrosymmetric 
nanostructures is primarily a surface effect [8], difference in the SHG response from the above 
two structures having identical dimension must be due to the difference in the local field, which 
is indicated by the ratio of the extinction cross-section. Taking into account the quadratic 
relationship in two-photon processes, we thus estimated that the resonant SHG response of a 
120-nm core-shell structure, which is identical to a BaTiO3/Au NLO nanocavity except for the 
centrosymmetric core, is approximately 128 times that of the 120-nm Au particles. Applying the 
surface scaling rule, as suggested by the recent HRS measurements based on Cu nanoparticles 
[9], SHG response of the 200-nm Au nanoparticle is roughly 7.7 times that of the 120-nm Au 
nanoparticle. Therefore, the SHG radiation from a resonating centrosymmetric core-plasmonic 
shell is approximately 16 times that of the 200-nm Au nanoparticle. 
Given the identical measurement conditions and the lack of SHG detection from the 200-
nm Au particles, the SHG signal must be below the noise floor in the measurement, which is 
estimated to be about 0.003 with respect to the SHG peak of the BaTiO3/Au nanoshells. 
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Therefore, we concluded that the SHG response from a 120 nm nanocavity with centrosymmetric 
core media does not exceed 5% of the measured SHG response from the NLO nanocavity. We 
emphasize that the SHG response of the centrosymmetric core/plasmonic shell is largely 
overestimated to find the worst case possible. Based on the previously reported HRS value [10] 
and a surface scaling rule [9] (see the next section), the contribution of the surface SHG relative 
to that of the noncentrosymmetric body should not exceed 1 × 10−6. 
9. Comparison with previous results 
We were unable to find previous report on quantitative SHG measurement on the basis of single 
nanostructures except for tetragonal BaTiO3 [11]. The incoherent ensemble SHG response in 
nanomaterials was often quantified using HRS measurements [10, 12-15], in terms of the first 
hyperpolarizability (𝛽𝛽) in electrostatic units (esu). Here we compare our measurements (1.0 ×106 GM for 100-nm reference core size resonating at 800 nm wavelength) with previous HRS 
results by others for three typical materials with proper conversion of the unit system, which is 
summarized in Table S1. 
1. Molecular SHG chromophores: LeCours, et al. [16] reported that the first 
hyperpolarizability of one of the best organic SHG chromophores is 4.9 × 10−27  esu at 830 nm 
excitation wavelength, which is equivalent to a SHG scattering cross-section of 1.4 × 10−10  
GM. From the molecular structure, we assume very roughly an extent of 0.25 nm per molecule. 
Thus if such molecules were packed appropriately (with molecular axis aligned) into a 100-nm 
diameter sphere, approximately 3.4 × 107 molecules could be packed, producing a total SHG 
cross-section of 2.0 × 104 GM. 
2. Au nanospheres (centrosymmetric metal nanoparticles): Galletto et al. [10] reported that 
the first hyperpolarizability of 22 nm Au nanoparticle is 𝛽𝛽 = 17 × 10−25 esu, which corresponds 
to a SHG scattering cross-section of1.7 × 10−5 GM. Using copper nanoparticles, Chandra and 
Das [9] showed experimentally that the first hyperpolarizability of plasmonic nanoparticles has a 
quadratic dependence on the size of the particle, despite the previous theoretical prediction of 
cubic dependence [8]. Based on this quadratic size dependence, it is estimated that the SHG 
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cross-section of an Au nanosphere at the reference size of 100 nm diameter is approximately 7.2 × 10−3 GM. 
3. CdSe nanocrystals (non-centrosymmetric nanocrystal): Jacobsohn and Banin [15] 
reported HRS measurements for CdSe nanocrystals (hexagonal crystal structure) of various sizes, 
where the first hyperpolarizability of 2.3 nm (diameter) CdSe is determined to be 𝛽𝛽 = 1 × 10−27  
esu. This value corresponds to a SHG scattering cross-section of 6 × 10−12  GM. Since 
hexagonal CdSe is a noncentrosymmetric material, the SHG response follows the 6th-order 
scaling rule as suggested in [15] as well as our analysis (Equation 1). Thus projected to the 100 
nm diameter reference size, the SHG scattering cross-section is 2.5 × 104 GM. This value is 
over 10 times as large as that of  a bare 100-nm BaTiO3 nanocrystal (2.0 × 103 GM), which is 
consistent with the SHG coefficient ratio of CdSe (hexagonal, 𝑑𝑑33 = 54 pm/V [17]) to BaTiO3 
(tetragonal, 𝑑𝑑31 = −18 pm/V [18]). Clearly, by replacing the intracavity medium with a stronger 
NLO material, an even higher sensitivity can be achieved in the NLO plasmonic nanocavity. 
Table S1. Comparison of SHG scattering cross-section between BaTiO3/Au NLO nanocavities 
and other types of nanomaterials. 
Material Diameter (nm) 𝝈𝝈(𝟐𝟐𝝎𝝎) as measured (GM) 𝝈𝝈(𝟐𝟐𝝎𝝎) scaled to 100 nm (GM) 
BaTiO3/Au NLO 
nanocavity 
Core: 95 nm 
Shell: 10 nm 7.3 × 105 1.0 × 106 
Molecular SHG 
chromophore 
< 0.25 nm 1.4 × 10−10  (𝛽𝛽 = 4.9 × 10−27  esu) 2.0 × 104 
Au nanosphere 22 nm 1.7 × 10−5 (𝛽𝛽 = 1.7 × 10−24 esu) 7.2 × 10−3 
CdSe nanocrystal 2.3 nm 6 × 10−12  (𝛽𝛽 = 1.0 × 10−27  esu) 2.5 × 104 
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